Objective. FX006 is a novel, microsphere-based, extended-release formulation of triamcinolone acetonide for intraarticular (IA) injection designed to maintain treatment concentration in the joint and provide prolonged analgesic benefits in patients with osteoarthritis (OA) of the knee. This study was undertaken to compare the analgesic benefits of 2 FX006 doses with saline placebo injection.
. Disposition of the patients. KNEE OA 205 exposure versus commercially available triamcinolone acetonide crystalline suspension. In a pharmacokinetic study (ClinicalTrials.gov identifier: NCT02637323), FX006 demonstrated prolonged residency in synovial fluid and reduced systemic exposure following IA injection versus triamcinolone acetonide crystalline suspension in people with knee OA (4) . In the first clinical study of efficacy following a single IA injection of FX006 (target low, mid, and high doses of 10 mg, 40 mg, and 60 mg, respectively) in patients with knee OA (ClinicalTrials.gov identifier: NCT01487161) (5), the mid dose of FX006 yielded pain relief superior to triamcinolone acetonide crystalline suspension 40 mg with treatment differences achieving statistical significance at weeks 5-10 (all P < 0.05) and numerical improvement at each of weeks 2-12. Pain relief with the high dose of FX006 compared with triamcinolone acetonide crystalline suspension was similar to that for the mid dose through week 6, but diminished from weeks 7 to 12. Pain relief was numerically improved with the low dose of FX006 compared with triamcinolone acetonide crystalline suspension at each of weeks 2-12, but the effect did not achieve statistical significance. Hence, the mid dose of FX006 was concluded to be the most efficacious tested in that trial (5) and further evaluation was deemed appropriate.
MICROSPHERE FORMULATION OF TRIAMCINOLONE ACETONIDE IN
The present study (ClinicalTrials.gov identifier: NCT02116972) was conducted to confirm the appropriate target dose of FX006 and further assess FX006 efficacy and safety. Two notable differences exist between the previous dose-ranging study (5) and the present one with regard to administration and dosing of FX006. First, the injection volume increased from 3 ml in the previous study to 5 ml in the present study following adjustment of the diluent volume to enhance microsphere dispersion and reduce aggregation. Second, the FX006 doses reported here (16 mg and 32 mg) reflect the amount of drug received by patients following an~20% reduction during reconstitution, as determined by dose-delivery studies.
PATIENTS AND METHODS
In this phase IIb, double-blind, parallel-group, dose-ranging, single-injection study, participants were randomized (1:1:1, block of 6; by a centralized interactive web randomization system) to receive a single 5-ml IA injection of FX006 16 mg, FX006 32 ) had knee OA according to the American College of Rheumatology clinical and radiologic criteria (6) for ≥6 months before screening, a Kellgren/Lawrence grade of 2 or 3 on a centrally read screening radiograph (7), pain in the index knee (defined as the most painful knee in participants with bilateral disease) on >15 days of the previous month, and a mean average daily pain (ADP) intensity score ≥5 and ≤9 (on an 11-point Numerical Rating Scale [NRS]). Patients were excluded if they had ipsilateral hip OA, other arthritic/immune-mediated inflammatory disorders, or unstable knee joints (e.g., torn anterior cruciate ligament) within 12 months of screening or received prior IA corticosteroids within 3 months of screening, prior IA hyaluronic acid injections in the index knee within 6 months of screening, prior FX006 at any time, or intramuscular, oral, inhaled, intranasal, or topical corticosteroids within 2 weeks of screening.
From screening through week 24, participants logged daily ADP intensity scores via an interactive voice response system, using a 0-10 NRS (where 0 = "no pain" and 10 = "pain as bad as you can imagine"). Participants completed the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) (8) on day 1 prior to randomization and at weeks 4, 8, 12, 16, 20 , and 24, and the Patient Global Impression of Change (PGIC) (9) at weeks 4, 8, 12, 16, 20, and 24.
Safety was evaluated via adverse events (AEs) spontaneously reported or discovered by the investigator from information obtained via patient electronic diaries, routine physical/laboratory evaluations, and assessments of the index knee by an investigator who was blinded with regard to treatment group. After informed consent was obtained, and for ≥7 days pretreatment, analgesic medications for index knee pain ‡ Joint effusion (day 131, grade 1, not related to study drug), arthralgia (day 57, grade 2, definitely related to study drug), and joint swelling (day 57, grade 3, not related to study drug) in 1 patient each, and arthralgia, arthritis, joint swelling, and synovial cyst all in 1 patient (day 88, all grade 2 and either not related or unlikely related to study drug). All adverse events (AEs) were index knee related. § Joint swelling (day 84, grade 1, not related to study drug), worsening ankle osteoarthritis (OA) (day 37, grade 2, not related to study drug, serious), positive Klebsiella test (day 21, subsequently considered to be a false-positive finding by the investigator, grade 3, not related to study drug), and synovitis (day 112, grade 3, unlikely related to study drug). All AEs were index knee related except ankle OA. ¶ Arthralgia (day 41, grade 3, probably related to study drug); index knee related. # Arthralgia. ** Ankle OA.
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were not to be taken or used during the study with the exception of study-issued acetaminophen (≤3,000 mg/day in sponsor-provided 500-mg tablets) as rescue pain treatment. The primary efficacy end point, change from baseline to week 12 in weekly mean ADP intensity scores for FX006 32 mg versus saline placebo in the full analysis set (all randomized and treated participants), was analyzed using longitudinal mixed model for repeated measures (MMRM) methodology on observed data with no imputation for missing data (see the Supplementary text, available on the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/doi/10.1002/art.40364/ abstract). A sample size of~300 participants (100 per treatment arm) was estimated to provide 80% power (2-sided alpha level of 0.05) if the true underlying primary end point treatment effect was 1.0 on the 0-10 NRS.
All secondary efficacy end points were first compared between FX006 32 mg and saline placebo, followed by FX006 16 mg versus saline placebo. Predefined key secondary end points (in order of step-down testing) were change from baseline to week 12 in WOMAC physical function and PGIC scores, and changes in weekly mean ADP intensity scores from baseline to weeks 16, 20, and 24. Additional secondary outcomes included percent of responders according to Outcome Measures in Rheumatology (OMERACT)-Osteoarthritis Research Society International (OARSI) "strict" criteria (defined as ≥50% improvement and an absolute improvement of ≥20 points from baseline in either ADP intensity or the WOMAC physical function subscale) (10) at weeks 4, 8, 12, 16, 20, and 24; change from baseline to each week (except weeks 12, 16, 20, and 24 as outlined above, which are specified as the primary and secondary end points) in weekly mean ADP intensity score; change from baseline to each of weeks 4, 8, 12, 16, 20 , and 24 in the WOMAC pain subscale; change from baseline to each of weeks 4, 8, 16, 20, and 24 in the WOMAC physical function subscale and PGIC; and time to onset of pain relief (time to first ADP intensity assessment showing >30% improvement from baseline).
To quantify the magnitude of difference between FX006 16 mg and 32 mg and saline placebo, standardized effect sizes were determined post hoc using methods described previously (11) (see the Supplementary text, available on the Arthritis & Rheumatology web site at http://online library.wiley.com/doi/10.1002/art.40364/abstract). Safety summaries included treated patients.
This trial was conducted according to Good Clinical Practice guidelines. Each site's governing ethics body approved the protocol, and participants provided written informed consent.
RESULTS

Patient disposition and baseline characteristics.
The trial was conducted from April 29, 2014 to August 8, 2015. Participants were screened at 48 sites (43 in the US and 5 in Canada) and enrolled at 44 sites (40 in the US and 4 in Canada). Among 310 randomized participants, 306 were treated (4 randomized to saline placebo were not treated). Approximately 8% and 18% of participants prematurely discontinued participation through week 12 (primary end point) and week 24 (study completion), respectively ( Figure 1 ). Ultrasound guidance during IA injection was used in 4 patients.
All baseline characteristics, except sex, were generally well-balanced across arms. A higher proportion of men comprised the FX006 32 mg group (51%) compared with the 16 mg group (39%) or saline placebo group (39%). Baseline ADP intensity scores (mean 6.6) indicated substantial daily pain at a moderate level of intensity (Table 1) .
Efficacy. The primary end point was not met. The least squares mean (LSM) change in ADP intensity at week 12 was À3.1 with FX006 32 mg versus À2.5 with saline placebo. The LSM difference in ADP intensity (95% confidence interval [95% CI]) for FX006 32 mg versus saline placebo at week 12 was À0.58 (À1.22, 0.07) (P = 0.08). However, FX006 32 mg resulted in significant improvements in ADP intensity versus saline placebo at each of weeks 1-11 (P ≤ 0.036) and week 13 (P ≤ 0.039) and numerical improvements at week 12 and each of weeks 14-24 (Figure 2A ). Patients receiving FX006 16 mg had significant improvements in ADP at weeks 1-9; thereafter, the difference in pain scores between FX006 16 mg and saline placebo was small and not statistically significant ( Figure 2A ). As such, a dose-response effect was evident in the duration of maximal effect. FX006 16 mg and 32 mg had similar median time to onset of analgesic effect (day 4), which was more rapid than saline placebo (day 8). .05]; P = 0.034) (data not shown). Inclusion of the 4 patients who were randomized and not treated (i.e., the intent-to-treat population) yielded results identical to those of the analysis based on the full analysis set population, because none of these 4 patients had efficacy data after their screening visit.
Results from secondary analyses also favored FX006 32 mg compared with saline placebo. FX006 32 mg was associated with significantly improved WOMAC pain ( Figure 2C ), WOMAC physical function (Figure 2D) , and PGIC ( Figure 2E ) scores, and resulted in a higher proportion of patients who achieved OMERACT-OARSI "strict" responder criteria versus saline placebo at week 4 and week 8 (Supplementary Table 1 , available on the Arthritis & Rheumatology web site at http://onlinelibrary. wiley.com/doi/10.1002/art.40364/abstract). Numerical advantage was maintained at week 12 for all of these end points except OMERACT-OARSI "strict" responders. Secondary end point findings for FX006 16 mg versus saline placebo showed a similar pattern, with a reduced duration of effect, no trend favoring FX006 16 mg over saline placebo for improvements in ADP intensity at week 12, and lower OMERACT-OARSI "strict" response rates at week 8 ( Figure 2A and Supplementary Table 1) .
Results from post hoc standardized effect size determinations indicated that the effect sizes based on ADP were consistently lower than those for the WOMAC pain subscale. The ADP effect sizes for FX006 32 mg at weeks 4, 8, and 12 were 0.27, 0.13, and 0.12, respectively, and the effect sizes for the WOMAC pain subscale were 0.72, 0.54, and 0.27, respectively. For each instrument, the effect sizes for FX006 16 mg were similar to those of FX006 32 mg at weeks 4 and 8. Consistent with prespecified secondary end points, effect sizes for both ADP and the WOMAC pain subscale were markedly lower for FX006 16 mg versus FX006 32 mg at week 12 (Supplementary Table 2 , available on the Arthritis & Rheumatology web site at http://online library.wiley.com/doi/10.1002/art.40364/abstract).
Safety. Similar proportions of participants reported AEs through week 24 across treatment arms (Table 2) . Most AEs were grade 1 or 2, nonserious, and considered unrelated to the study drug by investigators who were blinded with regard to treatment group. No deaths occurred. Serious AEs occurred in 4 (1.9%) of the FX006-treated patients (left distal femur fracture in the 16 mg group and worsening left ankle OA, myocardial infarction, and rheumatoid arthritis in the 32 mg group). All were unrelated to study drug. No AE was consistent with postinjection flare. AEs causing study discontinuation occurred in 8 (3.9%) of the FX006-treated patients and 1 (1.0%) of the saline placebo-treated patients ( Table 2 ). The onset of such events was not temporally associated with study drug administration. All of these events were considered unrelated to study drug except for 1 grade 2 AE (in the FX006 16 mg group) and 1 grade 3 AE (in the saline placebo group). The incidence of index knee-related AEs was relatively low given the study population. AEs related to the injection procedure were observed in 2.0%, 0%, and 6.0% of FX006 16 mg-, FX006 32 mg-, and saline placebo-treated patients, respectively.
DISCUSSION
The primary end point of this study, significant improvement in ADP intensity at week 12 with FX006 32 mg versus placebo, was not achieved (P = 0.08); however, significant improvement with FX006 32 mg was seen at all time points from week 1 to week 11 (P ≤ 0.036) and at week 13 (P = 0.039). The placebo response at week 12 (LSM reduction of À2.5) was the largest reported over the 24-week study. Studies show that placebo effects may confound the interpretation of clinical data (12) and are more pronounced with IA versus other routes of administration (13) . Differences in saline placebo response across study sites were noted; a post hoc exploratory analysis with a site covariate included in the MMRM accounted for the variability in site responses, and the model demonstrated statistical significance for the primary end point at week 12 (P = 0.034). Sensitivity analyses (LOCF/BLOCF) that addressed patient discontinuations prior to week 12 indicated that FX006 32 mg was significantly superior to saline placebo at weeks 1-13 (P ≤ 0.042). Results of a multiple imputation analysis demonstrated consistent differences between FX006 32 mg and saline placebo in ADP intensity changes from baseline to week 12.
Although FX006 16 mg and 32 mg had comparable median times to onset of analgesia (day 4) and provided similar and significant maximal analgesic effects (beginning at approximately week 5) versus saline placebo, maximal effect persisted longer with FX006 32 mg (to approximately week 13) than 16 mg (to approximately week 9). Numerically larger pain relief, as measured by ADP intensity, was maintained with FX006 32 mg versus saline placebo at all time points through week 24. Other measures of OA signs/symptoms (WOMAC physical function subscale, PGIC, WOMAC pain subscale, and OMERACT-OARSI "strict" response) were significantly improved with FX006 32 mg through week 8 with strong trends remaining at week 12; results for FX006 16 mg versus saline placebo showed a similar pattern but were not as robust or long lasting. A previous clinical study of FX006 in patients with OA demonstrated a dose-dependent increase in synovial fluid concentrations of triamcinolone acetonide at week 6 following IA injection (14) . It is postulated that there is a critical synovial fluid concentration required to maintain an analgesic effect and that the loss of analgesic effect after week 9 with FX006 16 mg is attributable to synovial fluid triamcinolone acetonide levels dropping below that critical concentration.
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The clinical relevance of these findings was assessed with post hoc analysis of standardized effect size (11), a measure used to quantify the magnitude of difference between 2 treatment groups. An effect size >0.3 is considered an important change for a patient-reported outcome (15) . For FX006 32 mg compared with saline placebo, effect size for the WOMAC pain instrument exceeded 0.30 at weeks 4 and 8 and approached 0.30 at week 12. Effect size with the 16-mg dose was comparable to that of the 32-mg dose at week 4 but was notably lower at week 8, and no active treatment effect was seen at week 12. Effect sizes assessed with ADP were consistently lower than those for the WOMAC pain subscale for both FX006 doses at each of these time points. Across a large number of trials, the multi-item, knee OA-specific WOMAC pain instrument has proved to be a more sensitive measure of treatment effect than the single-item, general purpose ADP intensity 0-10 NRS (11). Overall, both FX006 doses demonstrated systemic and local safety profiles similar to saline placebo. No FX006 dose relationship in AEs was apparent.
In conclusion, although the study's primary end point was not met, the dose effect on duration of analgesic efficacy observed in this phase IIb study of people with knee OA confirms that FX006 32 mg confers increased therapeutic benefit relative to FX006 16 mg with similar safety, and that improvements in pain afforded by FX006 32 mg were of a magnitude that would be important to patients.
